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1/E 



[is*® 1 1 

< t & Tfru v&m 1 1 i i j^#Ji^^Rg^i:^#js L/c?#fS^^ i i i mmm 

%k&*$L&Z^Z> I I I ^Mib^<7)|g B B H ^S^^^J3v^r, iiuf5i#?f£^ I I I lifti 

i i immm%iM i *$L&z^z>z t *mmt-tz> i i i ^^o^ji,^ 

[If*® 2 ] 

is*®iie«£oi i i^mfc®o^ I r H )Sg^a^i3v^-c, i i immum zmzaikfr 



B 
HH 



^-t±-^> w t *mwt-tz> i i i 

[If*® 3] 

IS*® 2 I I I ^M-ft^<7)^ H B a^m^i£^ioV^T, fj|5fIIS B H H (±> ^4<t(>I i 

I I I tkMit^O t IWlfl®(7) I I I 



[»*® 4 ] 

is*® 1 t^is*® 3 <o^-<rti^-®^ie*to i i i mm.iim<D^^^ : ^i^M^n 

tzl I I J^fc^lSJIo 
[If*® 5 ] 

IS*® 4 lEfcO I I I^M-fbt/^ H B H ^fflv^/iC«h^if#®i:1-^»#3»^xVsM^ 0 
[If*® 6 ] 

W*^5K«<7)^*#T-Vs-i'^tcjoV^T. fg^^-fV^^ii, If*®4 fEftO I I ItSk 
[If*® 7 ] 

is*® 5fB«o^*#r-vsvf ^^isv^T. M#2»#:T-vs-^^(i, ii*®4iE®oi I I 

[If*® 8 ] 

If*® 5fE«^^a»#xV^^^j3V^T. ^j*#-rVs^^(±, Hf*®4fEmo I I I 

rn.1t® is g £ ffl v > t $ ft £ mT- t-v m * r* & & - 1 * #m t -r %> rsu* 0 

[If*® 9] 

If*® 5 7bMIf*®8 O^T^^-®^ie«^^*#T-vs^^^ ; l r iiL/cr <t 
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i%w<r>z,m i i immit^^m^^mwi i i mmit^^Rv^mi^r^u 

[0 0 0 1 ] 

^mt, i i i mmit^<D@i£ l !&mij&Rv s i i i^ffc^ H B H &w«#^vs-^ 

[ 0 0 0 2 ] 

mt. mti, m~~it-m&it : mt Lxm^hi\x^& inGaMNi u i imm.it 

[0 0 0 3 ] 
[0 0 0 4 ] 

ifc. -9-7 r W Ta6«±tcfti*Lfc I I I 8liftft*l#f ^ i±f Hi: J: 4 f y 

frmtimmr- $> *) ^ k (ld) s*L*#«g3tii£»ia-e#s£ 

[0 0 0 5 ] 

:^ft-eii, t7 7 01t±CG aNJRSraW«^|6lJSKfiL*v»»^HJt«L-C, IS 
H H H ^Pfl^fg:^$-tJrS-<!:^prf^^-5>^\ t7 7^7i«^v^^i:i:U 1 ^iftt 

. t7 7^7l«i:G a N II i litM ©a^^fe* t:# 9 1 «<0 R f) t^9^M 

[0 0 0 6] 

£ -5 1"*fcae>»ctt, IttLt, *«±K*£ H B H j&ft^£*m 1 "Cab 

aN(0g^M^^§^itv^ o Ltf*U * fi ,15 p D n fl o ^ffi i# & # $ £WT 
& G a N&WtM&ZtiX^te^o 
[0 0 0 7] 

GaNi«MtS-o©ftttU, ^t^jtt 1 (0-<7)^^4$#f) £«\ Na 
^77 7 LtfflvV;G a NgMIWtl^H^^o 7vftt 

h'J7A (N a N 3 ) ttlGa^MtLt, ^t>P^Mft^ ; 
ft®= 7 . 5 mm, fi?=100 mm) Ug§B#H&-C£t A U ^©Mi$:6 0 0- 
8 0 0tOiagt*2 4-10 OBtK^-r^^ tbZX <9, G a N £ g £ £ i><DX 

[0 0 0 8] 

^O^-O^KWtt, 6 0 0-8 0 0V£it&t&&r&^<?>&g,1&.&&'*Itfe"?*i>*). ^ 
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2/ 



%*ft&j)i>{ih* iookg/cm 2 mmtitm<)j±.titfi&< , mmm^^^x-h^ z. 

M tz & v»ig j£ H/Jn $ v » jSc -c * Z> o 
[0 0 0 9 ] 

[0 0 10] 
[0011] 

-r^7ti6ic, i i i Mmm&^ifegktiL^kmz. i i im^m^mm^t-f^m^ 

Jiitv^o 4*9^##H-> >l<7)^ffi-e{4, HI 3K7fc-ri9K> R£-f ^ 1 0 IrtKJS 
1 0 2 I I I &&JRtt&& 1 0 3 fcRtt, I I I «i&JRtt*&« 1 0 3 izftUfrh 

E2j*jwt. yy y ? xow^zixtzKBm-u i o 2 c 1 1 i m&m 1 0 4 *&mffi%&-r 

[0012] 

H^if 2 (IH^fMi) 7r;n (Na) til Iltl (Ga 

^m^^u^mmzmmmirz^mt, )£g^i:7 7^^ (Na) mi 

Jg (Ga) O^IFIfb^t/^Ati, -€-fL«:SB53*fl«J^iSl!«f LT I I I M±m £ ii*n*#&-T £ 

[#N#lt« 1] Chemistry of Materials Vol.9 ( 
1997) 413-416 
HSIfcfcitt 1] #12 0 0 1 - 0 5 8 9 0 0 
[#I^m 2] #12 0 0 1- 1 0 2 3 1 6 ^ffc 

[0013] 

Soi i i^Mf^^ H a H ^^t-^Wpifg-e*>^>o 

[0014] 

^liw I i i^M^o^|g H H H *^M-e^^^r&75 ? MiaTv^ 0 

[0015] 

[M & £ *6 03M£] 

[0016] 

±IBSW£SiJ£1" fg*^ 1 15«<9f£f^(i. ^(HT^'J^Itl I I 

^#i^J^*4i:M^t7b ? ^L^v#vR^^ I I iMmitVdgi&Zf&mZitZ I I ISMI 

JS* c SiHSit^^lPjO^gigJSJ: 0 i>M< Z^ZM^Z^titX^ I I I llitft^Ba 

[0 0 17] 
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3/ 



[0 0 18] 



i i m&itvst w\mm<o i i i^Mfbt>T-&&*£#iit<h ltv^ c 

10 0 1 9] 
[0 0 2 0] 

ttz, m*M5%m<Dmwii, is^ii4ie«c<7) i i immitmrn^m^tz^t^^WL 

[0 0 2 1 ] 

[ 0 0 2 2] 

Wit LT^& 0 
[0 0 2 3] 

4* it, bs^4ie«<7)i i immtty&Mi*m^x^$LZixtzm=t-T/<j 7.x hz>^ <t 

[0 0 2 4 ] 
[ 0 0 2 5] 

mtmmtrfmmLtzmmfrh i i imwityd^&zj&mz^z i i immtyo 
n Mfi^* h-e i i iMM<tt/ig H B B ^^iJ-r^-<t^-e^^»o 

[0 0 2 6] 



[0 0 2 7] 



1 1 1 mmtm * mm *t £<bm 1 immittoimfcotiLWuz 



ttz. m^msmm^mxit. m*m2<Di 1 immit^xo^^^yjm^n^x , 
1 mw.it®} t mmm<D 1 1 immtrnxh^^x, 1 1 imwitvotnmM 



[0 0 2 8] 



[0 0 2 9] 
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[0 0 3 0] 

i i ^M-ft^o^ H H H^fi^^-t-^M$n^ i i i^ft^igs-eabso-e, toi i i 

[0 0 3 1 ] 

[0 0 3 2] 
[0 0 3 3] 
[0 0 3 4 ] 

-e. mi-r^^ x^mm.-fi, i i i ^Mftt/^ B B B ^fiB^>&^ 0 ^^t. ism^i 

[0 0 3 5] 

[0 0 3 6] 
[0 0 3 7] 

(* i mm) 

tzmm^i i i ^M-f i i immm^^^m^^x, m 

<£ 0 ^^r^^n^^t^tX, I I I ^M^IS B B B ^^ft$-^^>- t OTLt 
[0 0 3 8] 

o*ftaitfia< . ^<o£#K>&:ft^&*M;i£ B B B f±ifcW^ n >gjSoip$o««cte B ^T 
&ofc 0 ^ B B B <7)19$^)¥< -f&K (± % SB#rBl<7)^ B H B ^;ft^^T^9'£>^7i ? ^)^^^, 

[0 0 3 9] 

£tifiE# 2004-3016101 



&M2 0 0 4 - 0 1 2 9 0 6 ^-v! 5/ 

d ^W<D%;M>f&miS&Xli. T )i <D 'J ±m t I I I J^^I^M* to 

£<b^ II I ^M'fLtil^B^O c 4^|p]0^ftjlJg* c 14 Sit ^^[6] 

<7»&k^sj: <9 $-ii-^tiK^»t^vt?{t^T\ i i im±mtm.mtfrht>:z> i 

i i^m^£*£h b bJ&ii£«ot\ cMcpir^f^^i i i^m^i^b b h ^ 

^Mfb^S£ b! £11^1- & - t £ £ o 

[0 0 4 01 

®«o c £ ± us t -r & mm. i ftsa-f £ - <t a*-c $ & 0 

[0 0 4 1 ] 

o 

[0 0 4 2 ] 

I I I SUMlfc^ t ti\ if'J'y-U, TJK-'i/A, -f^v-^A, tfrny^ 

[0 0 4 3 ] 
[0 0 4 4 ] 

II ISl^JKiSCfl-tt, #KBB;e£*L& < , I I II&&JR, I I 1 2£& 

ffc«K I I I »I5c*fc*j£7G3& *<Dmm£.&mirZ Z t tf-e # £<, 

[0 0 4 5] 

tl^o 09x.ff* I I iMM^^^vMi^ojtfeoM^k^^^^^tc^^-ti-T^ J; 

[0 0 4 6] 

II I^M<bt/^ H B H <7)cl4tc^f^^"[6]0^:mjiJ^^ ctttiM^^r&io^s^ 

[0 0 4 7] 

*^®H2©iiii, 1 1 1 1 I ^M-fLfe^l^^^ft^^^isv^T, I I I 

[0 0 4 8] 

:w^c, f 2<Dfitii, f 1 olio I 1 i^Mft^^^^^fi^fetc^^-c, 

1 1 i^M^^tt^Bi^^^B^ft^^r^^T-, $<bKi 1 immitrnzmxEOiiLmiz 

[0 0 4 9] 

Mb b b {±. MiL<(ii I I ^Mft^l£B B B75mv>^\ 3£B B aJ&:ft#n5rf££ 

[0 0 5 0] 

{m 3 

*HI»0*3«li, i2 0f|OI I I ^^O^B B B)tft^^CjoV^T. ^b b b 

mfiE# 2004-3016101 
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[ 0 0 5 1 ] 

IfflaEffiftjltt. ^^<^U I I ^M^^^ B B B^S$-t±^^®^\ *£ B B B j£:ft£-£& I I 
[0 0 5 2 1 

#S&93?>£ 4 <DfmM, % 1 7^Sfg 3 (D^-?tifr<D%m<D I I I ^MfL^co^alJ&ft^- 

mx*ftmztitii i i^M-fb^^H B H -e^^o 

[ 0 0 5 3 ] 

(II 5 COM) 

*§£W<Dm 5 coM(±> m 4 coMco I I I S£Mfbt^ B B B £ffi^£^«^xVM 
^2) o 

[ 0 0 5 4 ] 

(i 6 i) 

4 oflo I I I ^ft&iNiSiKfce Lfc#*fl«««i££W1-*5§3fc*?--e** £ t 
[0 0 5 5 ] 

o 

[0 0 5 6 ] 

(II 7 COM) 

o 

[0 0 5 7 ] 

::t\ $jfc3RT-fi, jfc*«-t^, h^*-K, ^fog^FETl 

[0 0 5 8 ] 

4 1 1 1 mmitw&Mkzm^xmj&ztitz'mi-r^-i xx&zz t s-tat lt 

[0 0 5 9 ] 

lit, %=f-7*'*4 X<DMWM, 2RfKK3e$*l£ fcOTtifc < , F ETf^otiH B 

TT?£>oT -ecoaptJffl^^. ^UKH^xvs^;*, ^r^T-Vsvf^, 

[0 0 6 0] 

(^ 9 COM) 

**woi9ofsii, is, »6, »7, m8<Dfm<r>¥m>fcrs<'( x%m.ffi l£v 

[0 0 6 1 ] 

v»fcJB.TO«, 7;u^7^-^:M^^g, 3cjli ; fllfSc& £**C#>o X i> Jl.v-' L> S!6cr>McO 

^mfcr^jA istimi-) zmz&fr&z^iimfrT&QftMtLxm^tzituMmwx 

mSEflf 2004-3016101 
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ft. 4 &0-C(±&v^ 0 

mmm 1 1 

[0 0 6 2] 

1 "Cli, TWJtliLTNa (th'^A) ^flL, Sfc, I I I Ixi 

«9*>;K£«^JC (ttT, mfcVlKk^o) OTLt, I I IlittUTGaN 
[0 0 6 3] 

iij^fltWtc, Na, Ga, Bf^%®fi. * Ctfnl^iStift t Lti^t^^J: 

o 

[ 0 0 6 4 ] 
[0 0 6 5] 

1 1 im&m*^tsmwL2 5*uwl, it: #>(Dm%Li%nm& 1 2 tt 

£>ft-Cv>& 0 
[0 0 6 6] 

- 1 2 it , RiDtiff 1 1 a» <b ^ 19 ^-r - 1 a*-c § * o ttz, - <t>?#$l{£ 

*t^3ff 1 2 Otl BBNtii, 
[0 0 6 7] 

ttz, Sfc#f?l l^rt«P^ffl2 3i:liMi:^^lI (N 2 ) £35St£-8% *»■ 
o^iS^l lrtoli (N 2 ) O^'lltl. i t *nT^Hi-*^^#&1f 1 4 ^\ ^ 

Etui 1 zwMLxmmztir^&o 

[0 0 6 8] 

mm jrx<Di±jjii mtjummm 1 6 xm&i- zw-rfx & & c 

[0 0 6 9] 

i fz, 1 4 f±, /^^ 1 8 -C^lKL. A r ^i|Atl)i tf-e fk 2> 0 

[0 0 7 0] 

[0 0 7 1 ] 

[0 0 7 2] 

[0 0 7 3] 

[0 0 7 4 ] 

ijiti:, in 1 <M&&!t£&mm£mm Ltzmmm 1 g a Noii^^^t^ 

o 

[0 0 7 5] 

mmmix-a, t-t\ Rts#si 1 ^/^7*2 1 o3»5HMgjij£giittJ&»<b#s£u a 

r fl^©^D--/^7 ^tCAft&o 
[0 0 7 6] 

tiitiE# 2004-3016101 
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&mt Ltt h'J>>A (N a) SrA^L^o <ti£2 5 tp<0N a OJt^(±N a / (N a + G a 
) = 0. 7 tLfco 
[0 0 7 7 ] 

sfi^^ffij^^siiJSJ: ■? i>&< z^zmn (m&bK) u^t 

[ 0 0 7 8 ] 
[0 0 7 9 ] 

RtfrgfSl l^SL, lSrEfli:, RS^SI 1 1 F*jg&£*1-gB#H^fc 

[ 0 0 8 0] 
[0 0 8 1 ] 

[0 0 8 2] 

fcSfii:^v>t, j£Sj£&z^J£ (7 7 5°C) C#SLfctli:, RJS^f? 1 1 fiO^JEri* 

4 MP a Kfc&JI^-e&So 
[0 0 8 3 ] 

^v^-C. ^>7'1 5£^C£o ^v^-C\ ;^V7 1 8£KH}\ RJS#S1 1 rtCA r ^ 
£Ati& 0 l£3jmW^W: 1 9 "CUtlS: 6 . 6MPai:L/: 0 Rfc^- 

SI lrtOAr^EI±3. 3 MP a <h&£ 0 COJE^J (6. 6MPa) li, iOfJSW 

lt«ILfc«ii:^K, *§ H s lj£fifiJK ( 7 7 5 °C) i:#!SL/^i{:, k(E#Sf l l 
rt^ff^8MPat:i^.ESt^^o 1"fc:b*^ tit A r^E^ti?ti4 MP a 

[0 0 8 4 ] 

^v^T% A>7*18t^>72 l£^ID&o *fc*>Rj£^gl Initio 
[0 0 8 5] 

^v^t% t-^-ncitL. igfftfc^fi (2 7°c) t^i^^s^ i r* 1 b#h-c 
#stSo ^ B B B ^;s?aj^i± 7 7 5°ct Ltzo 

[0 0 8 6] 

#MBUiil$fiLt\ ^ffl£*L£Rf£#fff 1 lrt^l±^i±±#L> ^ H B H ^SSJ^ 7 7 5°CtC 
jtLfe^SJCoWSSl lrt^EI±8MPaf:4ofc 0 i~ & *> t A r <D 5tf±l& ■£ ti 
fft4MP a tte-DfZo 
[0 0 8 7] 

^<7)^T*3 0 0B#W«*#Lfc^ IfiiXllz£t^ 0 
[0 0 8 8] 

#111 2<7>ft#H, c «l^fp|<7)g^^3 mmm±H#y f /jtt«<7)4SfeitBJ^G a N 2 9 rt ? 
[0 0 8 9] 

^tt^ B B a tcffi^±Ii:t-&I^««GaN^MgL/;o i#f£2 5 4>K#t5e^« 

[Hifefcl 2 ] 

tHSE# 2004-3016101 
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[0 0 9 0 ] 

mmm 2 umfaM 1 1 marram-cab & zmm tx^^^n & 9 

[0 0 9 1 ] 

%i^ItnLt#IGa £l£fflU til^t Lttf^^fflv\ II 

(m^n) zmmL, n&&Ks i c^tiLt, 1 1 iMtttitG 

a N£|£ B B B $; 0 
[0 0 9 2 ] 

j;t)JL#lft^ Na, Ga, ^fSe^Kfi, & & C^Zi^Ui^i: L Ti§«[ft##»t« K 
Mli|& B B B $fi* K^fflrt^i&ftf KjgJBLTfltf&U ffi*£ B B B S i CCGaN* 
*S B B B j£fi$*/io 
[0 0 9 3 ] 

EI 2 i±^M$J2 ^ffiv^n^|g H H H ^:fi^M^»^^J*^1-El-e^)^o 

[ 0 0 9 4 ] 
[0 0 9 5 ] 

arc ni2o^ H B B )jgft^a^ffiffl Ltzmmm2 iz&ifzG a N^MM^i^t^ 

o 

[0 0 9 6 ] 

»u ^ c Kigali 1 tmm^umxG a Nois B B H ^s^if 

o 

[0 0 9 7] 

1 2 WrtlCH, fflKOftlSA 3 7 MLTV^;^ fl|S B B B 3 5 Kit. c tt 
^•fp]Oft$^l 0 mmflg^O^^OArfeii^&G aN 3 6«Ltv^:„ 
l^ifefll 3 ] 
[0 0 9 8] 

Hifeffil 3 -Cfi, T^A'JtltUNa (th'J-)A) ^ftiL, I I I WiMitWoOM. 
fitUGaN (SMttf'J *A) £1£fflU SfcK, II I J&Mft&S&O c ttK^RT & 

^fr<7>/&jBij^£ c «i^M^^ifi]o^ftiijgj; 19 (motion) z&m 

M B B B G aNCG a N^^fm LT^ B B B^;g$-tt^o 
[0 0 9 9 ] 

H3 (±«#U3 nfflv^^^^ B B B ^ggM^lt^J^^-tIl-e*^>o 

[0 10 0] 
[0101] 

:o»*<81*SS4 2 ttRjS^SS 4 1 <b jr ») ^i" ^ t^-el^o ifc, :©§S^ 

fls4 2 <7)^t@f± B NX"$>&o 
[0102] 

ifc, KfS4 l©rt^M4 5K£3fS (N2 ) ^i7^3*> (Ar) tfA&ftm 
*»oR(l.§S4 ll*l<7>Mlt (N 2 ) E^t7;^> (Ar) 1f7.\£ti £$1^1" & Z. 

tZBimKi-2>tfAmm { g4 9^\ s^H4 1 zmmLrmmztix^Zo 

[0 10 3] 

^r&te^vffct LT07^^>S-l^t40li, T)VU «; #J^O^f££ Loo 

mil#2 004-3016101 
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[0104] 

4 9 i±, mmmmm 5 4 1 r ^ -jy^rn 5 ? t tc^K lxh *) . ttm 

, /^75 2, 5 5 X^tM^ & - t^nTBgi: ioT^„ ttz. J tix^ix<DJ±t]if±tlU\ 
[0 10 5] 

ttz, S)£^4 1 l*IC0^1±^^^- ? --fZ>%,<Di±t>ti 5 l^ s IS:m$^TV^ 0 
[0106] 

£ fc, Kfc^fl 4 1 WfflO K i±, ±95 t-^-43t TSR - * - 4 4 ri*|S:g 
0, ±BRH-*-4 3 <hT§Ti^-^-4 4 (ittjftoSJSH$lJ^l1-^Cl ttfoimtteoX^ 

[0 10 7] 

T — 4 6 7i ? Ix^ $ flX Z> o 
[0108] 

itz, RJS#§ff4 1(±, ^<7)SP^-<7)<^^^o-7'*'7 ^^CAntMfi £ tifiX^ 

o 

[0109] 

o 

[0110] 

HSfe^3-Cf±, Rfcm-&4 1 */*)Vfb Q)(DU6fX^Bfk^m.t-h5fm^, A 

r W-n%<?) V n - y jK 7ni:AM 0 
[0111] 

^v^\ BNf<Di»fS4 2fc. mfcmnZAti, I I IMIW^HTG 
aN£A*U 7^*'JiItLTt F'J^A (Na) *Ati2> 0 
[0 1 12] 

?#?£l£Jt#il4 2n<Di- Y U >7 A £ ifcjg U 4 2 <7>±g|^«bffi& 

L/:GaNS^ B a a 4 8*, c «£±T7jftK-e-*> 5 9 F*i<E>j*r56<£>tfcgKf!M#-t 

[0 1 13] 

^x\ m%Li%ww&4 2 *s(t-#S4 i rttii9:B-rso 

[0 1 14] 

KJSf|f4 1 ^SL, /<;^5 OSr^C, SJS^S4 1 £^SB#B$ti 
[0 115] 

— jSOf^*(±SS*6JS^>A r 1f *%-m%<D ? u - y fxfoxft n <DX\ S)£'§S4 1 
[0 116] 
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